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Description 

FIELD pF THE INVENTION 

[0001] The present invention relates to an interface 
member wiring design support apparatus and wiring de- 
sign method and, more particularly, to a support appa- 
ratus and wiring design method for supporting optimal 
wiring design for various types of wire harnesses at the 
site of design of an automobile or the like. 

BACKGROUND OF THE INVENTION 

[0002] Interface members for connecting a given 
electrical component to another electrical component or 
a given package to another package are used in a ve- 
hicle such as an automobile or an electronic device such 
as a household electrical appliance. 
[0003] As a typical interface member, a so-called wire 
harness is available, which is formed by binding a plu- 
rality of electric wires or communication lines into a bun- 
dle by using a protective member such as a tape as 
needed and attaching predetermined connectors to the 
two end portions of the bundle. Wire harnesses differ in 
the numbers of electric wires and the thickness of each 
electric wire, and some wire harnesses have branch 
points while others do not have any wire harnesses in 
accordance with application purposes (connection des- 
tinations). Therefore, the wire harnesses vary in rigidity. 
[0004] At the maker site of design frequently using 
such wire harnesses, CAD (Computer-Aided Design) 
systems have been widely used for design of electrical 
components, packages, and the like at an earlier time. 
In general, however for design of wire harness wiring 
routes, lengths, the number of electric wires or commu- 
nication lines to be bound into a bundle, and the like, a 
designer repeatedly forms prototypes mainly on the ba- 
sis of intuition and experiences. 

[0005] Recently, however, to develop a product in a 
short period of time with the minimum number of proto- 
types actually formed, a series of design operations 
have been performed on a design support apparatus us- 
ing a computer and the like. In designing the above wire 
harness, demand has arisen for a support apparatus 
which can facilitate optimal design regardless of design- 
er's experience. 

[0006] With such need as a background, in current 
CAD systems : a function has been developed, which 
automatically calculates a curve or curved surface that 
satisfies (approximates) a plurality of points (coordi- 
nates) defined on a two-dimensional plane or three-di- 
mensional space by an operator by using a parametric 
technique using a B-Spline curve. Bezier curve, NURBS 
curved surface, or the like. 

[0007] Shape simulations based on these methods 
satisfy the coordinate data of a plurality of fixed points. 
However, these simulations are performed by geometric 
processing. If, therefore, such a simulation is applied to, 



for example, the design of wire harness wiring, since no 
consideration is given to the weight and hardness (rigid- 
ity) of the wire harness and dynamic factors such as 
force produced at fixed positions such as connectors 
5 due to these factors, it is often difficult (impractical) to 
directly manufacture an actual product in accordance 
with the generated shape. 

[0008] As one of the parametric techniques described 
above, a method of performing a simulation of the shape 
to of a wire harness disposed along an arm of an industrial 
robot is disclosed in Japanese Patent Laid-Open No 
7-182017. 

[0009] In this method, the shape of a wire harness as 
a simulation target which deforms as an arm of a robot 

15 moves is automatically calculated on the basis of pa- 
rameters, input by an operator, such as a plurality of 
fixed point positions on the arm. tangent vectors at the 
fixed position positions, the length of the wire harness, 
and the modulus or deformation. This makes it possible 

20 to check interference between the arm and surrounding 
apparatuses. 

[0010] In the prior art described above, however, no 
consideration is given to semifixed support members 
(clips) for fixing the wire harness, branch portions pro- 
25 vided for the same wire harness, forces that are pro- 
duced at the respective fixed points as the wire harness 
bends, and the like. 

[0011] In addition, in the automatically calculated 
shape of a wire harness, the forces acting on connectors 
30 and the like on the two end portions of the wire harness 
are not clarified, it is difficult to grasp, for example, how 
much strength is necessary or appropriate in fixing the 
wire harness. 

35 SUMMARY OF THE INVENTION 



ITfs an object of the present inverrfron to pro- 
vide an interface member wiring design support appa- 
ratus, wiring design method, and computer-readable 
40 storage device, which calculate a more practical shape 
with simple set items and inform the calculated shape. 
[0013] In order to achieve the above object, an inter- 
face member wiring design support apparatus accord- 
ing to the present invention is characterized by having 
4 5 the following arrangements. 

[0014] There is provided an interface member wiring 
design support apparatus comprising arithmetic means 
for calculating an interface member wiring shape on the 
basis of a plurality of input fixing positions and a modulus 
50 of deformation of an interface member so as to satisfy 
the fixing positions, and informing the calculated shape, 
characterized in that the arithmetic means (arith- 
metic control unit) 21 calculates flexural rigidity E of a 
target interface member by a predetermined bi-quadrat- 
55 ic function associated with a curvature p of the interface 
member on the basis of an input interface member di- 
ameter and calculates a wiring shape of the interface 
member by using the calculated flexural rigidity E. 
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[0015] According to this interface member wiring de- 
sign support apparatus, since the shape of the interface 
• ; member is calculated in consideration of the flexural ri- 
gidity E, a shape that is more practical and feasible 
(manufacturable) can be calculated. 
[0016] In addition, in calculating the flexural rigidity E, 
the arithmetic means may use the maximum curvature 
of the target interface member as the curvature p. This 
makes it possible to perform efficient calculation. 
[0017] For example, the wiring design support appa- 
ratus may further comprise storage means (storage 
unit) 26 in which as moduli of a plurality of types of in- 
terface members which can be selected as design tar- 
gets, a relationship between diameters 0 of the interface 
members, torsional rigidities C of the interface mem- 
bers, and weights of the interface members per unit 
length is stored in advance, and the arithmetic means 
may calculate a wiring shape of the target interface 
member by Lhe Konapasek's mathematical expressions 
on the basis of the flexural rigidity E calculated by the 
predetermined bi-quadratic function and the torsional ri- 
gidity C and weight per unit length supplied from the 
storage means in accordance with the diameter <J> of the 
target interface member. This makes it possible to cal- 
culate a shape on which dynamic factors produced 
when the interface member is twisted are accurately re- 
flected, with a relatively small calculation amount, in 
consideration given to the weight of the real interface 
member. 

[0018] According to the preferred embodiment, the 
arithmetic means, when calculating a wiring shape of a 
target interface member, may calculate forces acting at 
the plurality of fixing positions due to the interface mem- 
ber, and inform information (the magnitudes and direc- 
tions of the forces) associated with the calculated forc- 
es. With this operation, since the states of forces acting 
at the fixing positions are 'mformed in the form of the 
magnitudes and directions of the forces, optimal design 
can be performed in consideration of the states of the 
forces. 

[0019] According to the preferred embodiment, the 
arithmetic means calculates a wiring shape of an inter- 
face member on the basis of a plurality of input fixing 
positions, fixing directions at the fixing positions, and a 
modulus of deformation of the interface member so as 
to satisfy the fixing positions, the arithmetic means may 
include designation means (22, 23) capable of desig- 
nating whether the target interface member can rotate 
in a normal direction at least at one fixing position of the 
target interface member, and when at least one fixing 
position is designated by the designation means as a 
position at which the interface member can rotate, the 
arithmetic means may calculate a shape of the interface 
member, and calculates a force that causes the inter- 
face member to rotate in the normal direction at the des- 
ignated fixing position. This makes it possible to accu- 
rately calculate a force that is produced at a fixing posi- 
tion at which the interface member can rotate and caus- 



4 

es the interface member to rotate. 
[0020] According to the preferred embodiment, the 
arithmetic means calculates an interface member wiring 
shape satisfying at least three fixing positions on the ba- 

5 sis of the fixing positions, fixing directions at the fixing 
positions, and a modulus of deformation of the interface 
member and informs the calculated shape, and when 
the target interface member includes a branch point, the 
arithmetic means may calculate an interface member 

10 . shape including the branch point, and a dynamically bal- 
ancing position at which the branch point is to be located 
owing to the shape. This makes it possible to accurately 
calculate the balanced shape of the interface member 
including a movable branch portion. 

is [0021] In order to achieve the above object, an inter- 
face member wiring design method according to the 
present invention is characterized by having the follow- 
ing arrangements. 

[0022] There is provided an interface member wiring 

20 design method of calculating an interface member wir- 
ing shape on the basis of a plurality of fixing positions 
and a modulus of deformation of an interface member 
so as to satisfy the fixing positions, characterized by 
comprising a step of calculating flexural rigidity E of a 

25 target interface member by a predetermined bi-quadrat- 
ic function associated with a curvature p of the interface 
member on the basis of an input interface member di- 
ameter 4>, and calculating a wiring shape of the interface 
member by using the calculated flexural rigidity E. 

30 [0023] According to this interface member wiring de- 
sign method, since the shape of the interface member 
is calculated in consideration of the flexural rigidity E, a 
shape that is more practical and feasible (manufactura- 
ble) can be calculated. 

35 [0024] In each of the interface member wiring design 
support apparatus and method describe above, the pre- 



where a 0 ((j>), a.,((f>), and a 2 (ct>) are predetermined con- 
45 stants corresponding to the interface member diameter 
4>, G is a gravitational acceleration, and K is a constant 
determined in accordance with a type of protective 
member. In this case, the calculated flexural rigidity E 
may be set such that the calculated flexural rigidity E 
50 decreases as the curvature p increases. This makes it 
possible to calculate a shape on which dynamic factors 
produced when the interface member is twisted are ac- 
curately reflected, with a relatively small calculation 
amount. 

55 [0025] In calculating the wiring shape of the target in- 
terface member by using the calculated flexural rigidity 
E, as moduli of a plurality of types of interface members 
which can be selected as design targets, a relationship 
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flexural rigidity E = f (<$> , p) = G(a 0 (<j>) + a n ((J>) 
P +a 2 (4>)p 2 )xK 
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between diameters <}> of the interface members, torsional 
rigidities C of the interface members, and weights of the 
, interface members per unit length may be specified in 
advance, and a wiring shape of the target interface 
member may be calculated on the basis of the flexural 
rigidity E calculated by the predetermined bi-quadratic 
function and the torsional rigidity C and weight per unit 
length supplied from the storage step in accordance with 
the diameter $ of the target interface member. This 
makes it possible to calculate a shape on which dynamic 
factors produced when the interface member is twisted 
are accurately reflected, with a relatively small calcula- 
tion amount, in consideration given to the weight of the 
real interface member. 

[0026] In addition, there is provided a computer-read- 
able storage jnedium characterized by storing a pro- 
gram code which causes a computer to implement the 
interface member wiring design support apparatus and 
wiring design method described above. 
[0027] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 
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Fig. 1 0 is a flow chart showing balanced shape cal- 
culation processing in this embodiment; 
Fig. 1 1 is a view for explaining how a breaking force 
at a branch point is displayed; 
Fig. 1 2 is a block diagram showing the arrangement 
of an interface member wiring design support ap- 
paratus according to this embodiment; 
Fig. 13 is a view showing an example of how the 
shape of a wire harness and forces F calculated in 
balanced shape calculation processing according 
to this embodiment are displayed; 
Fig. 14 is a view showing a comparison between 
the shape of a wire harness calculated in balanced 
shape calculation processing according to this em- 
bodiment and the shape of the wire harness calcu- 
lated by a general CAD system; and 
Fig. 15 is a view showing an example of how the 
shape of a wire harness and forces F calculated in 
balanced shape calculation processing according 
to this embodiment are displayed. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

Fig. 1 is a view showing an example of the overall 
shape of a wire harness as a design target in an 
embodiment of the present invention; 
Fig. 2 is a view showing an example of a cross-sec- 
tional shape of the wire harness in Fig. 1; 
Figs. 3A and 3B are views showing an example of 
the shape of a rotating clip holding the target wire 
harness in this embodiment; 
Fig. 4 is a view showing a list of the types of support 
members and their degrees of freedom, which are 
used in shape calculation for the wire harness ac- 
cording to this embodiment; 

Fig. 5 is a view for explaining vector expressions of 
an elastic body model used in this embodiment; 
Fig. 6 is a view for explaining the shape of one wire 
harness which is to be calculated in basic shape cal- 
culation processing in this embodiment and the pa- 
rameters that should be input by an operator to cal- 
culate the shape; 

Fig. 7 is a flow chart showing basic shape calcula- 
tion processing in this embodiment; 
Fig. 8 is a view showing an example of a wire har- 
ness unit having a branch portion to be subjected 
to balanced shape calculation processing in this 
embodiment; 

Fig. 9 is a view for explaining forces and moments 
produced in wire harnesses 2 to 4 constituting a 
branch point Pa included in the wire harness unit 
shown in Fig. 8; 



25 [0029] An interface member wiring design support ap- 
paratus and wiring design method according to the 
present invention will be described in detail below with 
reference to the accompanying drawings as an embod- 
iment in which the present invention is applied to the 

30 wiring design of a wire harness formed by binding a plu- 
rality of electric wires into a bundle and attaching a pre- 
determined connector to each end portion of the bundle. 
[0030] Note, in the present invention, the interface 
member (in other words, a line member or a line object) 

35 includes not only the wire harness but also various kinds 
of cables such as an optical cable and electrical cable, 
and pipe forcanyfog fhn& 

[0031] Fig. 1 is a view showing an example of the 
overall shape of a wire harness as a design target in this 

40 embodiment. Fig. 2 is a view showing an example of the 
sectional shape of the wire harness in Fig. 1. 
[0032] The wire harness shown in Fig. 1 has connec- 
tors 11 at the respective end portions, which are con- 
nected to electrical components 12, and three branch 

45 portions (branch points). 

[0033] As shown in Fig. 2, in a cross-section of an in- 
terface member portion of this wire harness, a plurality 
of electric wires 15 are bound into a bundle with a pro- 
tective member such as a tape 16, a binding member 

50 made of a synthetic resin (not shown) (for example, a 
coiled coil or insulock (binder), and the like. In the wire 
harness shown in Fig. 1 , basically, the number of electric 
wires bundled together increases toward the left side in 
Fig. 1 and decreases toward the right side across each 

55 branch portion. 

[0034] The middle portion of the wire harness is pro- 
tected by a protective member 1 4 having higher strength 
than other portions to prevent the electric wires 15 and 
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the conductors (not shown) located therein from being 
exposed due to contact (friction) with external interfering 
• 5 objects* 

[0035] In the wire harness shown in Fig. 1 , each con- 
nector 11 is detachably fixed to a predetermined fixing 
position in accordance with the fixing position of a con- 
nector (not shown) as a counterpart provided on the cor- 
responding electrical component 1 2 and its mounting di- 
rection. Clips 1 3 in Fig. 1 are attached to the predeter- 
mined positions of surrounding interfering objects (e.g., 
the inner surface of a product housing and stay) and 
serve as support members for holding the wire harness 
at the predetermined positions in a fixed or semifixed 
state (rotatable around an axis). 

[0036] The respective branch points on the wire har- 
ness are arranged at positions where dynamic balance 
can be maintained in accordance with the rigidity of each 
portion, the fixing position of each connector 11 , the fix- 
ing posilion of each clip 1 3, its supporting method, and 
the like. 

[0037] Figs. 3A and 3B are views showing an example 
of the shape of a rotating clip for holding the wire har- 
ness as the design target in this embodiment. 
[0038] Fig. 3A is a sectional view of a rotating clip 1 3A 
as an example of the clip 13. Fig. 3B is a plan view of 
the rotating clip 1 3A. The rotating clip 1 3A is a resin clip 
having two support legs each having a semicircular 
cross-section and a pedestal formed on its upper por- 
tion, on which a wire harness 17 can be held. The two 
support legs of the rotating clip 13A are inserted into a 
circular mount hole formed in a base 1 8 so as to be ro- 
tatable around an axis extending through the center of 
the circle. In this embodiment, a rotatable support mem- 
ber like the rotating clip 13A will be generically referred 
to as a rotating clip hereinafter. 

[0039] As a clip for fixirigthe-wire-harness at a prede- 
terW wved position without rotating a stationary cffp* frtcf 

shown) can be realized by forming, for example, a rec- 
tangular mount hole in the base 1 8 and forming the two 
support legs of the rotating clip 13A in Figs. 3A and 3B 
to have rectangular cross-sections in agreement with 
the size of the rectangular mount hole. Such clips will 
be generically referred to as stationary clips hereinafter. 
[0040] Support members for supporting the wire har- 
ness and the degrees of freedom set when the wire har- 
ness is fixed with these support members will be sum- 
marized. 

[0041] Fig. 4 is a view showing a list of the types of 
support members and the corresponding degrees of 
freedom which are handled when the shape of the wire 
harness according to this embodiment is calculated. 
[0042] A column in Fig. 4 indicates, as wire harness 
fixing methods, methods using the above connector, 
stationary clip, and rotating clip, together with a branch 
point (free end) as a reference which is irrelevant to a 
fixing method in the strict sense. 

[0043] Each row in Fig. 4 indicates, if a resultant force 
exists at the position where the wire harness is fixed with 



a corresponding support member, whether the fixing po- 
sition can move at three-dimensional coordinates x, y t 
and z in accordance with the resultant force, and also 
indicates, if a resultant moment (composite moment) ex- 
5 ists at the fixing position, whether the fixing position can 
rotate in a direction corresponding to the resultant mo- 
ment. 

[0044] As is obvious from Fig. 4, the wire harness can- 
not move and rotate in any directions (0 degree of free- 
ze dom) at the fixing positions with the connector and sta- 
tionary clip. In contrast to this, at the fixing position with 
the rotating clip, the wire harness can rotate in accord- 
ance with the resultant moment (2 degrees of freedom). 
At the branch point, the wire harness can move and ro- 
15 tate in all directions (6 degrees of freedom). 

[0045] In this embodiment, it is an object to optimally 
wire the wire harness having the above branch portions 
by using these rotating and stationary clips. An outline 
of this embodiment will be described below. 
20 [0046] In simulating the shape of a wire harness which 
satisfies the coordinates of fixing points of connectors, 
stationary clips, and the like which are input by the op- 
erator, the interface member wiring design support ap- 
paratus according to this embodiment calculates a flex- 
es ura | rigidity E of the wire harness, when it is bent, on the 
basis of the diameter of the wire harness or the like, and 
calculates forces F and moments M produced in por- 
tions of the wire harness on the basis of the flexural ri- 
gidity E and torsional rigidity C, thereby calculating the 
30 shape of the wire harness by using these calculated val- 
ues. This makes it possible to implement more practical 
simulation calculation with consideration given to geo- 
metric and dynamic factors, unlike the prior art which 
performs simulation calculation for a wire harness by us- 
35 jng only geometric factors. 

<IWatfTenTa!fcaf Oppress tons Associated with Etestrc 

Body Model> 

40 [0047] In this embodiment, the elastic body model 
vector expressions provided by Konapasek are used to 
calculate the forces F and moments E, produced in por- 
tions when a wire harness having thickness and elastic- 
ity bends, and the shape of the wire harness. These vec- 

45 tor expressions are described in detail in the reference 
(fiber Sci & Technology, 5, 1, 1972) by M. Konapasek 
and J.W.S Hearl. These mathematical expressions will 
be briefly described below with reference to Fig. 5. 
[0048] Fig. 5 is a view for explaining the vector ex- 

so pressions of the elastic body model used in this embod- 
iment. 

[0049] Konapasek et at. have proposed, in the above 
reference, a technique of calculating the large deforma- 
tion of a thin rod as an elastic body in a small calculation 
55 amount by a technique of approximating the thin rod 
without considering its diametertogether with a geomet- 
ric shape analysis technique so as to calculate the forc- 
es F and moments E in the elastic body having thickness 
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and elasticity and its shape. 

[0050] In this technique, the shape to which the thin 
rod should conform can be expressed by the following 
mathematical expressions in consideration of small in- 
tervals. Note that in the following description, each vec- 
tor is expressed in bold type in this embodiment and with 
an overline in the accompanying drawings. 

A mathematical expression associated with a posi- 
tion on the center line of the thin rod and the tan- 
gential direction at the position: 



r/ds(r') 



(1) 



where r is a position from a predetermined refer- 
ence point O on me center line of the thin rod, s is 
the distance (length) measured from the start point 
of the thin rod along the center line, and w is the 
tangential direction that indicates the direction of 
the thin rod at the position. In the following descrip- 
tion: a slight change (differential) d/ds in s is repre- 
sented by " 

Mathematical expressions associated with a curva- 
ture p and a direction change amount: 

u' = to x u, v' = (o x v, w' = o) x w, co = pu + qv + 

rw (2) 
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where m is a self-moment, F is a force acting on the 
distance s from the start point of the thin rod, and f 
is the weight of the thin rod. 

[0051] The shape of the center line of the thin rod : 
force F, and moment M can be calculated by performing 
numerical analysis upon giving the positions and tan- 
gential directions of the two end points of the thin rod as 
boundary conditions to the respective mathematical ex- 
pressions given above. 

[0052] Values to be substituted into the above Kona- 
pasek's mathematical expressions to calculate the 
shape of the wire harness will be described next. 

Mathematical Expressions Associated with Flexural 
Rigidity E> 

[0053] When the respective mathematical expres- 
sions associated with the elastic body model are applied 
to the wiring design of the wire harness shown in Fig. 1 , 
since the wire harness as the design target varies in 
thickness depending on portions, the flexural rigidity E 
also varies. For this reason, this embodiment uses pre- 
determined bi-quadratic functions associated with the 
curvature p given below in using the above mathemati- 
cal expressions of the elastic body model described 
above for the calculation of the shape of the wire har- 
ness. 



Flexural rigidity E (N-cm 2 ) = f(<j>, p) = G(a 0 ((J>) 



where p is the curvature in the u direction, q is the 
curvature in the v direction, r is the torsion around 
w, and u and v are coordinate system vectors com- 
bined with m 

Mathematical expressions associated with the cur- 
vature p and a moment: 



M u = A-p, M v = B-q,M w = 
C-r 



(3) 
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a^) p +a 2 (<j>)p z )x 



[0054] In the bi-quadratic function of mathematical ex- 
pression (5), 



a 0 ($) = 5.76 <|) + 1.04 <|> 



where A and B are flexural rigidities, C is a torsional 
rigidity, and M u , M v , and M w are components of a 
moment M in the u, v, and w directions. 
Mathematical expressions associated with the bal- 
ance between a force F and the moment M: 



M (d + ds) " M s + mds + {w x F}ds = 0 
F (d + ds) " F s + fds = 

0 (4) 



50 



55 



a^) = -0.28 <J> - 0.0559 



a 2 (<t>) = 0.0047 $ + 0.000638 (j> 2 

The respective coefficients are values empirically ob- 
tained on the basis of experiments. <j> represents the di- 
ameter (mm) of the wire harness; and p, curvature 
(1/mm) x 10 3 . These values are set in accordance with 
the shape of the wire harness in the longitudinal direc- 
tion such that the two end portions of the wire harness 
satisfy the two set fixing positions (coordinate values). 
G represents a gravitational acceleration (= 9.8) (m/ 
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sec 2 ); and K, a coefficient 1 .0) determined in accord- 
ance with the type of a protective member. 
[0055J In the mathematical expression of the flexural 
rigidity E, expressions a 0 (<l>) to a 2 (4>) are empirically ob- 
tained on the basis of experiments conducted by the 5 
present applicant on a plurality of wire harnesses which 
differ in thickness, the numbers of electric wires, the 
presence/absence of protective members, and the like. 
The value of the flexural rigidity E calculated by the bi- 
quadratic function of mathematical expression (5) de- 
creases as the curvature p of the target wire harness 
increases. 

[0056] In this embodiment, the flexural rigidity E cal- 
culated by mathematical expression (5) is commonly 
used as the flexural rigidity values A and B contained in 
mathematical expression (3). 

[0057] The reason for this operation will be described 
below. The reason why the flexural rigidity values A and 
B contained in mathematical expression (3) is thai em- 
bodiment (3) is established with consideration given to 
the directional properties of flexuousness of the elastic 
body model (for example, a material having an elliptic 
cross-section is hard in the major axis direction but soft 
in the minor axis direction). If a wire harness which can 
be basically regarded to be almost constant in flexural 
rigidity and torsional rigidity as long as the number of 
electric wires internally bound remains the same as in 
this embodiment, the directional properties of flexuous- 
ness need not be strictly considered. 

<Torsional Rigidity C> 

[0058] The torsional rigidity C substituted into mathe- 
matical expression (3) can be calculated by a higher- 
order mathematical expression based on the thickness 
(diameter) of the wire harness. In this embodiment, a 
quatiMltc ftt8&9ieftt3tkEfr€&pff!ssKWcoTite\nffl(j the coc$~ 
ficients calculated by multivariate analysis or the like on 
the basis of the values obtained by conducting experi- 
ments on various types of wire harnesses. This method 
is generally known, and hence a detailed description 
thereof will be omitted. 

<Weight of Wire Harness> 

45 

[0059] The weight of a wire harness per unit length 
changes depending on the type and number of electric 
wires (interface members) bundled in the wire harness. 
If the application purpose of a wire harness or electrical 
components to which the wire harness is to be connect- so 
ed is limited to a certain degree (e.g., in calculating the 
shape of a wire harness arranged in the engine room of 
an automobile), the type of electric wires and the 
number of electric wires to be bundled can be limited. 
Variations in the types and numbers of electric wires can 55 
be replaced with the thickness (diameter) of a wire har- 
ness. 

[0060] In this embodiment, the relationship between 
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the thicknesses of various wire harnesses and their 
weights per unit length is measured in advance. When 
the operator inputs the thickness of a wire harness 
whose shape is to be obtained, the weight of the wire 
harness per unit length can be automatically selected 
by using the measurement result. 
[0061] Alternatively, as described above, if an electri- 
cal component as a connection destination is deter- 
mined, the wire harness to be used can be limited. 
Therefore., the weight of the wire harness (to be select- 
ed) per unit length may be automatically selected when 
the operator selects an application purpose of the wire 
harness whose shape is to be obtained or an electrical 
component to which the wire harness is to be connect- 
ed. 

<Wiring Design Support Apparatus> 

[0062] The arrangement of the wiring design support 
apparatus according to this embodiment will be de- 
scribed below, which calculates the wiring shape of a 
wire harness by using the above values and mathemat- 
ical expressions according to a procedure described be- 
low. 

[0063] Fig. 12 is a block diagram showing the inter- 
face member wiring design support apparatus accord- 
ing to this embodiment. 

[0064] Referring to Fig. 12, reference numeral 22 de- 
notes a display such as a CRT; and 23, a keyboard serv- 
ing as an input means. In this embodiment, the display 
22 and keyboard 23 constitute a so-called man-machine 
interface. 

[0065] Reference numeral 24 denotes a ROM storing 
a boot program and the like; 25, a RAM for temporarily 
storing various results; 26, a storage device (storage 
unit) such as a hard disk drive (HDD) for storing a pro- 
gram for CBtcvtstirrg ffrt? wff h ly shope of st *wp ttsrrress 
(as will be described later) and the like; 27, a communi- 
cation interface for communicating with an external de- 
vice via a communication line 30; and 28, a printer for 
printing processing results and the like. These constitu- 
ent elements are connected to each other via an internal 
bus 29. A CPU (Central Processing Unit) 21 serving as 
an arithmetic control unit controls the overall wiring de- 
sign support apparatus in accordance with the programs 
stored in the storage device 26. 

[0066] As this interface member wiring design support 
apparatus, a general-purpose computer capable of im- 
plementing software for implementing calculation 
processing (mainly constituted by basic shape calcula- 
tion processing and balanced shape calculation 
processing) for the wiring shape of a wire harness (to 
be described later) can be used. 

<Basic Shape Calculation Processing> 

[0067] Processing of calculating the shape of a wire 
harness whose two ends are to be fixed to predeter- 
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mined positions (including the case of free ends) with 
the thickness (diameter) remaining unchanged through- 
out its length by using the above mathematical expres- 
sions will be described next. This processing (to be re- 
ferred to as basic shape calculation processing herein- 
after) is processing for a shape simulation in wiring a 
wire harness having branch portions and portions with 
different thicknesses and operation of repeating calcu- 
lation until the respective portions of the shape are dy- 
namically balanced. 

[0068] Fig. 6 is a view for explaining the shape of one 
wire harness which is calculated in basic shape calcu- 
lation processing in this embodiment and parameters to 
be input by the operator to calculate the shape. 
[0069] Fig. 7 is a flow chart showing basic shape cal- 
culation processing in this embodiment. 
[0070] Referring to Fig. 7, in step S1, the operator is 
prompted to input various predetermined data for basic 
shape calculation. More specifically, the operator is re- 
quired to input data in the following items: 



1 : the thickness (diameter) <J> (mm) of a target wire 
harness, 

2: the coordinate value of fixing position 1 with re- 
spect to an outer interference surface of the target 
wire harness in the global coordinate system, 
3: tangential direction 1 representing the fixing di- 
rection at fixing position 1 , 

4: tangential direction 1 representing the direction 
at fixing position 1 (this direction may be automati- 
cally calculated in accordance with input tangential 
direction 1), 

5: the coordinate value of fixing position 2 with re- 
spect to an outer interference surface of the target 
wire harness in the global coordinate system, 
6: tangential direction 2 representing the fixing di- 
rection at fixing position 2, 

7: tangential direction 2 representing the direction 
at fixing position 2 (this direction may be automati- 
cally calculated in accordance with input tangential 
direction 2), 

8: the type of protective member (e.g., a tape) cov- 
ering the target wire harness, 
9: a length L (mm) of the target wire harness (if an 
automatically calculated length is used, this data 
need not be input), 

10: designation indicating whether to perform 
shape calculation in consideration of the torsion 
(moment) produced in the target wire harness when 
the wire harness is fixed at fixing positions 1 and 2 
(this data is input when a balanced shape (to be de- 
scribed later) is to be calculated by connecting a 
plurality of basic shapes (a plurality of wire harness- 
es) generated by this basic shape calculation 
processing), and 

11 : the types of fixing members (including free ends 
indicating branch portions) used to fix the target 
wire harness at fixing positions 1 and 2. 



[0071] As a method of inputting the coordinate values 
of fixing positions 1 and 2. one of the following methods 
may be used: a method of loading, in this step, data 
about an interference surface (e.g., a wire frame model 
5 or solid model) designed in another step, displaying the 
data on the display 22, and allowing the operator to se- 
lect desired positions on the displayed model with a 
pointing device such as a mouse, and a method of di- 
rectly inputting coordinate values. 
10 [0072] In the storage device 26, the above value K of 
a protective member is stored in advance in correspond- 
ence with the type of protective member. In this step, 
when the type of protective member is selected, the co- 
efficient K to be used is determined. 
*s [0073] In addition, in the storage device 26, the thick- 
ness of a wire harness which is determined in accord- 
ance with the number of electric wires to be bundled into 
one wire harness may be stored in advance, and the 
operator may be made to select the number of electric 
20 wires to be bundled into the target wire harness in this 
step, thus automatically determining the diameter of the 
wire harness. 

[0074] In addition, a table indicating the degrees of 
freedom of the respective fixing members described 

25 with reference to Fig. 4 may be stored in advance as 
constraint conditions in the storage device 26. When the 
operator selects fixing members for fixing positions 1 
and 2 in this step, the wiring design support apparatus 
can recognize the degrees of freedom at the respective 

30 fixing positions. 

[0075] In steps S2 and S3, general validity checks, e. 
g., checks on the number of input items and the number 
of digits or characters, are performed for the data in the 
respective items which are input in step S1 (step S2), 

35 and then the data are loaded into the main storage of 
the CPU 21 (step S3). 

[0076f hi &ep S4\ tfKrfi&HMtfngkJity Ffe catculated' 
by substituting the input (or determined) thickness of the 
target wire harness and the selected coefficient K into 
40 mathematical expression (5) described above. In this 
case, as the curvature p, the maximum curvature of the 
target wire harness is used to implement efficient arith- 
metic operation. 

[0077] In step S4, the weight of the target wire har- 
^5 ness per unit length is calculated. This weight may be 
calculated by storing the relationship between the thick- 
ness of each wire harness and the weight per unit length 
in advance as a lookup table in the storage device 26 
or the like and looking up the lookup table with the thick- 
50 ness input in the step S1 . As described above, the tor- 
sional rigidity C is calculated by substituting the diame- 
ter of the wire harness, input in step S1 , into a quadratic 
mathematical expression empirically obtained by exper- 
iment. 

55 [0078] In step S5, by substituting the tangential direc- 
tions and normal directions at fixing positions 1 and 2 of 
the target wire harness, input in step S1 , and the values 
calculated in step S4 into the above Konapasek's math- 
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ematical expressions, the shape of the wire harness as 
an elastic body model fixed at fixing positions 1 and 2 
** and the forces F and moments M produced in the model 
are calculated. 

[0079] In step S6, the data in the respective items in- 
put in step S1 and the forces F and moments M calcu- 
lated in step S5 are stored in the storage device 26. 
More specifically, at least the thickness <|> of the wire har- 
ness, the calculated (or input) length L, the normal di- 
rection vectors at fixing positions 1 and 2, a torsion (m/ 
radian) representing the amount of torsion between the 
two positions, and the calculated forces F are stored (all 
the input data may be stored). 

[0080] In step S7, the calculated shape (basic shape) 
of the target wire harness is displayed on the display 22, 
and at the same time, the forces F acting at fixing posi- 
tions 1 and 2 are displayed as vectors representing the 
magnitudes and directions of the forces. 
[0081] Fig. 13 is a view showing an example of how 
the shape of the wire harness and forces F calculated 
in the basic shape calculation processing in this embod- 
iment are displayed. According to the wire harness 
shown in Fig. 13, a connector is attached at fixing posi- 
tion 1 on the upper side, and a stationary clip is attached 
at fixing position 2 on the lower side. The magnitudes 
and directions of forces produced at fixing positions 1 
and 2 of the wire harness bent in the form shown in Fig. 
13 are displayed. 

[0082] According to the above basic shape calcula- 
tion processing, since the resultant forces F produced 
in the calculated basic shape are displayed, the operator 
can easily make a visual check on the directions and 
magnitudes of forces required to fix fixing members 
such as connectors and the positional relationship be- 
tween the wire harness and surrounding interfering ob- 
jects, thereby improvingthesiippart performance in de- 
sign. 

[0083] Fig. 14 is a view showing a comparison be- 
tween the shape of a wire harness calculated in basic 
shape calculation processing according to this embod- 
iment and the shape of a wire harness calculated by a 
general CAD system. Obviously, the shape of the wire 
harness calculated by the general CAD system is un- 
naturally twisted because of lack of consideration of the 
flexural rigidity and weight of the wire harness as com- 
pared with the shape of the wire harness according to 
this embodiment. 

<Balanced Shape Calculation Processing> 

[0084] Processing of calculating a dynamically bal- 
anced shape (to be referred to as balanced shape cal- 
culation processing hereinafter) when a wire harness 
whose shape is calculated by the above basic shape 
calculation processing is fixed at an end portion (includ- 
ing a free end) will be described next. 
[0085] When the wire harness whose shape is calcu- 
lated in the above basic shape calculation processing is 



disposed in a three-dimensional space based on the 
global coordinate system, the force and moment pro- 
duced at the end portion (fixing position 1 or 2) of the 
wire harness are represented by Fj and Mj. 
5 [0086] When a plurality of wire harnesses constitute 
a given end portion to form a branch point, the resultant 
force and resultant moment produced at the branch 
point can be calculated by the following general mathe- 
matical expressions: 

10 

force F = L 

Fj (6) 



moment M - 1 

Mj (7) 

[0087] Conditions for a balance at the end portion of 
the wire harnesses having the above dynamic relation- 
ship will be described next. The conditions are: 

in the case of the branch point (free end): both the 
resultant force F and resultant moment M calculat- 
ed by mathematical expressions (6) and (7) should 
be zero; and 

in the case of a rotating clip: the moment component 
obtained by projecting the resultant moment M cal- 
culated by mathematical expression (7) onto the ro- 
tation axis (i.e., the normal direction) of the rotating 
clip should be zero. 

[0088] In the case of the rotating clip, since each wire 
harness is restricted to. be. movable around the- a*ia> 
there is no need to consreter any ewrdrtfo ns for a bafance 
with respect to the resultant force F. 
Similarly, if the end point is a connector or stationary clip, 
since each wire harness is restricted with 0 degree of 
freedom, there is no need to consider any conditions for 
a balance. 

[0089] The above dynamically balanced relationship 
will be described below by exemplifying the dynamic re- 
lationship between a plurality of wire harnesses con- 
nected to a branch point. 

[0090] Fig. 8 shows the shapes of wire harnesses 
having a branch portion to be subjected to balanced 
shape calculation processing in this embodiment. 
[0091 ] The wire harnesses shown in Fig. 8 are exam- 
ple wire harnesses having one branch point Pa which is 
selected by the operator as a target for balanced shape 
calculation processing. For example, these wire har- 
nesses include a wire harness located on the left side 
of the branch point Pa and incorporating a bundle of five 
electric wires and two wire harnesses located on the 
right side of the branch point Pa and respectively incor- 
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porating a bundle of two electric wires and a bundle of 
three electric wires. 
« [0092} The operator has already calculated a plurality 
of basic shapes constituting these wire harnesses be- 
fore balanced shape calculation processing is per- 5 
formed for the overall wire harness unit. The wire har- 
ness unit shown in Fig. 8 is formed by connecting five 
wire harnesses (wire harnesses 1 to 5) which are cal- 
culated as basic shaped by basic shape calculation 
processing. The arrangements of the wire harnesses 1 w 
to 5 will be described below: 

wire harness 1 : a wire harness having a connector 
11 A at fixing position 1 and a clip 13B (a stationary 
clip or rotating clip) at fixing position 2; 15 
wire harness 2: a wire harness which has a clip 13B 
(a stationary clip or rotating clip) at fixing position 1 
and the branch point Pa at fixing position 2 and is 
prolecled by a protective member 14; 
wire harness 3: a wire harness having the branch 20 
point Pa affixing position 1 and a connector 11 B at 
fixing position 2; 

wire harness 4: a wire harness having the branch 
point Pa at fixing position 1 and a clip 13C (station- 
ary clip or rotating clip) at fixing position 2; and 25 
wire harness 5: a wire harness having a clip 1 3C at 
fixing position 1 and a connector 1 1 C at fixing posi- 
tion 2. 

[0093] Fig. 9 is a view for explaining the forces and 30 
moments produced in the wire harnesses 2 to 4 consti- 
tuting the branch point Pa included in the wire harness 
unit shown in Fig. 8. The respective end points of the 
wire harnesses 2 to 4 in Fig. 9 are actually connected 
to the branch point Pa at the same position. For the sake 35 
of descriptive and illustrative conveniences, however, 
Wnrf are expressed separately. 

[0094] At the branch point Pa in Fig. 9, a force F 3 and 
moment M 3 are produced at fixing position 2 of the wire 
harness 2; a force F 1 and moment M 1 , at fixing position 40 
1 of the wire harness 3; and a force F 2 and moment M 2 , 
at fixing position 1 of the wire harness 4. These forces 
and moments are values obtained by basic shape cal- 
culation processing for the wire harnesses 2 to 4. 
[0095] Consider the case shown in Fig. 9 applied to *s 
mathematical expressions (6) and (7). The resultant 
force F al the branch point Pa can be obtained by adding 
the vectors of the forces F v F 2 , and F 3 . The resultant 
moment M at the branch point Pa can be obtained by 
adding the vectors of the moments M 1t M 2 , and M 3 . so 
[0096] A dynamically balanced shape at the branch 
point Pa at which a resultant force and resultant moment 
can be calculated in such calculation can be obtained 
by setting (moving) the branch point Pa in a three-di- 
mensional space based on the global coordinate system 55 
to a position where both the calculated resultant force F 
and resultant moment M become zero. 
[0097] When the above dynamically balanced shape 



is applied to a rotating clip, the orientation (direction) of 
the rotating clip fixed on a rotation axis can be obtained 
by rotating the calculated resultant moment until the mo- 
ment component projected onto the rotation axis be- 
comes zero. 

[0098] A position (or orientation) where the above 
conditions for a balance are satisfied can be calculated 
by using the optimal value (optimal solution) calculation 
method that is generally practiced in arithmetic process- 
ing by a computer. 

[0099] This method is applied to this embodiment in 
the following manner. For example, the resultant force 
and resultant moment produced in a given basic shape 
or shape obtained by combining a plurality of basic 
shapes are calculated in the above manner, and it is 
checked whether the calculation results satisfy the cor- 
responding conditions. If they do not satisfy the condi- 
tions, the target end portion (free end) is rotated or 
moved by a predetermined amount, and a basic shape 
at the new position after the rotation or movement is cal- 
culated again. A resultant force and resultant moment 
are then calculated again by using the new basic shape, 
and it is checked whether the calculation results satisfy 
the corresponding conditions. When such processing is 
repeated and the calculation results provide a reverse 
determination to that provided in the preceding step at 
a given time point, the end portion (free end) is rotated 
or moved in the reverse direction to that in the previous 
steps by a small amount. Similar processing may be per- 
formed until the corresponding conditions are satisfied. 
[0100] A procedure for balanced shape calculation 
processing that implements the above description will 
be described next. 

[0101] Fig. 1 0 is a flow chart showing balanced shape 
calculation processing in this embodiment. 
[01 02] Referring to Fig. 1 0, in step S1 1 , the operator 
w prompted to input predeferrmnmt various €tefa>for baf- 
anced shape calculation. More specifically, the operator 
is required to input data in the following items: 

1 : designation indicating a basic shape or wire har- 
ness shape constituted by a plurality of basic 
shapes from which a balanced shape is calculated; 
and 

2: type data (identification data of a rotating clip, free 
end, or the like) of a fixing position of the shape in 
item 1 given above. 

[0103] Note that the type data of each fixing position 
may be loaded, together with the shape data, if each 
type data has already been set in each basic shape cal- 
culation processing. 

[0104] In steps S12 and S13, general validity checks 
(step S1 2) such as a check on the number of input items 
and a check on the number of digits or characters are 
made on the data in the respective items input in step 
S11 , and then these data are loaded into the main stor- 
age of the CPU 21 (stepS13). 
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[0105] In step S14, the resultant forces F and result- 
ant moments M in the wire harness designated in step 
S11 aYe calculated according to mathematical expres- 
sions (6) and (7) given above on the basis of the forces 
and moments at fixing positions and branch points (free 
ends) loaded in step S13. 

[0106] In step S15, it is checked whether the resultant 
forces F and resultant moments M calculated in step 
S14 satisfy the above predetermined conditions for a 
balance with respect to all the end portions (fixing points 
and free ends) included in the wire harness input in step 
S11. 

[0107] If NO in step S15 (there is an end portion at 
which the predetermined conditions for the balance are 
not satisfied), the flow advances to step S16. If YES in 
step S15 (the predetermined conditions for the balance 
are satisfied at all the end portions) : the flow advances 
to step S1 8. 

[0108] In step S17, each end point (each of fixing 
points and free ends) is moved and rotated by a prede- 
termined amount in the direction of the resultant force F 
and resultant moment M calculated at the end point un- 
der the restrictions of the predetermined conditions for 
the balance. 

[0109] In step S18, a shape and forces produced in 
each end portion are recalculated on the basis of the 
position of each end point (each of the fixing points and 
free ends) after movement and rotation. The flow then 
returns to step S14. At this time, the shape may be re- 
calculated by calling the processing in step S4 and the 
subsequent steps in the basic shape calculation 
processing (Fig. 7). 

[0110] In step S19, a shape (balanced shape) in 
which each end point satisfies the predetermined con- 
ditions for the balance is displayed on the display 22, 
and at the same time, the force F acting on each end 
pwrft is cfepfayext as a- vector representing tti^ magni- 
tude and direction of the force. In this case, if the forces 
acting on a connector and stationary clip exceed a pre- 
determined value, the colors of the corresponding vec- 
tors to be displayed are changed, or they are displayed 
together with characters or the like, thereby allowing the 
operator to easily recognize that excessively large forc- 
es are acting on the fixing positions (end points) with 0 
degree of freedom. 

[0111] Fig. 15 shows an example of how the shape of 
the wire harness and forces F calculated in balanced 
shape calculation processing according to this embod- 
iment are displayed. 

[01 1 2] Fig. 1 5 shows only one end portion of the wire 
harness which has a branch point because of the size 
of an illustration that can be shown. The magnitudes and 
directions of forces produced at the respective fixing po- 
sitions are displayed. 

[0113] In step S20, if a branch point is included in the 
wire harness designated in step S11, a breaking force 
at the branch point is displayed. 

[01 14] Fig. 11 is a view for explaining how the break- 



ing force at the branch point is displayed. If the condi- 
tions for a balance are satisfied at the branch point, the 
vectors of forces F n and F 2 produced at the branch point 
from which the two thin wire harnesses branch off are 
5 added, and the result is displayed with an arrow and nu- 
merical value. 

[0115] In the case shown in Fig. 11 , since the force F 1 
is considerably larger than the force F 2> the breaking 
force and its numerical value which represent the result 

10 of vector addition are displayed on the upper, branch 
wire harness. This allows the operator to easily predict 
that rupture will take place at the branch point if the cal- 
culated breaking force is excessively large although the 
branch point is dynamically stationary. 

is [0116] According to the above balanced shape calcu- 
lation processing, an optimal balanced shape can be au- 
tomatically calculated, and at the same time, the mag- 
nitudes of forces produced in the respective end por- 
tions are displayed. This allows the operator to easily 

20 make a visual check on the directions and magnitudes 
of forces required to fix fixing members such as connec- 
tors and the positional relationship between the wire 
harness and surrounding interfering objects, thereby im- 
proving the support performance in design. 

25 [0117] According to the balanced shape calculation 
processing, in a so-called concurrent engineering envi- 
ronment in which design operations are concurrently 
performed in the respective sections, even if the shape 
of the final interference surface cannot be obtained from 

30 a design section in the preceding step (i.e., only a poor- 
precision shape model without any detailed product 
shape portions can be obtained), the balanced shape of 
a target wire harness can be grasped by using the ob- 
tained interference surface shape (or coordinate val- 

35 ues). This improves the design efficiency. 

Even if the interface member to be used, the 
presencistabs&i tee of a protGCtiw mGintJ&r, th& type of 
clip, and the like must be changed afterward in accord- 
ance with a change in specifications which has occurred 

40 jn the design section in the preceding step, such a 
change can be flexibly and quickly made in accordance 
with the change in specifications by inputting set items 
associated with the change again and recalculating the 
above basic shape and balanced shape. 

45 [0119] As has been described above, according to 
this embodiment, in performing wiring design of a wire 
harness (interface member) by using a computer, when 
the user only inputs simple set items, the practical shape 
of the target wire harness can be automatically calcu- 

50 lated and informed. 

[0120] In addition, according to this embodiment, in 
performing wiring design of a wire harness (interface 
member) by using a computer, when the useronly inputs 
simple set items, the user can easily recognize forces 

55 acting on the fixing positions of the wire harness with 
the magnitudes and directions of the forces. Since the 
user can give consideration to the state of the forces, 
he/she can perform optimal design. 



' 21 



EP 1 130 527 A2 



22 



[0121] Furthermore, according to this embodiment, a 
plurality of types of methods as choices can be prepared 
as methods of fixing a wire harness. This expands the 
application range of this wiring design support appara- 
tus. 

[0122] Moreover, according to this embodiment, even 
if a fixing position can be rotated or moved, an accurate 
shape can be automatically calculated and informed 
with simple set items. 

[0123] More specifically, the wiring design support ap- 
paratus according to this embodiment can accurately 
calculate a rotating force produced at a rotatable fixing 
position, the shape of a composite interface member in- 
cluding a branch portion, and the balanced shape of an 
interface member including a movable branch portion. 
[0124] As many apparently widely different embodi- 
ments of the present invention can be made without de- 
parting from the spirit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof except as defined in the append- 
ed claims. 
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Claims 

1 . An interface member wiring design support appa- 
ratus comprising arithmetic means for calculating 
an interface member wiring shape on the basis of a 
plurality of input fixing positions and a modulus of 
deformation of an interface member so as to satisfy 
the fixing positions, and informing the calculated 
shape, characterized in that 
said arithmetic means (21) calculates flexural rigid- 
ity E of target interface member by a predetermined 
bi-quadratic function associated with a curvature p 
of the interface member on the basis of an input in- 
terface member diameter <J>, and calculates a wiring 
shape of the interface member by using the calcu- 
lated flexural rigidity E. 
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2. 



3. 



The apparatus according to claim 1 , characterized 
in that the predetermined bi-quadratic function is 
flexural rigidity E: 

E = f (♦, P) = G(a 0 (4>) + ftl <<|>) p + a 2 W p 2 } x K 

where a 0 a 1 (<}>), and a 2 ($) are predetermined 
constants corresponding to the interface member 
diameter <J>, G is a gravitational acceleration, and K 
is a constant determined in accordance with a type 
of protective member. 

The apparatus according to claim 1 or 2, charac- 
terized in that said arithmetic means uses a max- 
imum curvature of the target interface member as 
the curvature p to calculate the flexural rigidity E. 
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. The apparatus according to one of the preceding 
claims, characterized in that the predetermined bi- 
quatratic function is set such that the calculated 
flexural rigidity E decreases as the curvature p in- 
creases. 

The apparatus according to one of the preceding 
claims, characterized in that 
said wiring design support apparatus further com- 
prises storage means (26) in which as moduli of a 
plurality of types of interface members which can 
be selected as design targets, a relationship be- 
tween diameters (f> of the interface members, tor- 
sional rigidities C of the interface members, and 
weights of the interface members per unit length is 
stored in advance, and said arithmetic means cal- 
culates a wiring shape of the target interface mem- 
ber on the basis of the flexural rigidity E calculated 
by the predetermined bi-quadratic function and the 
torsional rigidity C and weight per unit length sup- 
plied from said storage means in accordance with 
the diameter $ of the target interface member. 

The apparatus according to claim 5, characterized 
in that said arithmetic means calculates a wiring 
shape of the target interface member by substitut- 
ing the flexural rigidity E, the torsional rigidity C, and 
the weight per unit length into the Konapasek's 
mathematical expressions. 

The apparatus according to one of the preceding 
claims, characterized in that said arithmetic 
means, when calculating a wiring shape of a target 
interface member, calculates forces acting at the 
plurality of fixing positions due to the interface mem- 
ber, and informs information associated with the 
calculated forces. 

The apparatus according to claim 7, characterized 
in that said arithmetic means informs a magnitude 
and direction of the force as the information asso- 
ciated with the force. 

The apparatus according to claim 7 or 8, charac- 
terized in that if the force exceeds a predetermined 
value set in advance as a design strength at the fix- 
ing position when informing the information associ- 
ated with the force, said arithmetic means gener- 
ates a corresponding warning. 



10. The apparatus according to claim 7, 8 or 9, char- 
acterized in that said arithmetic means can desig- 
nate degrees of freedom at the plurality of fixing po- 
sitions with respect to the target interface member 
as input items for the fixing positions. 



7. 



11 



The apparatus according to one of the preceding 
claims 7 to 10, characterized in that 
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said arithmetic means can designate, as a de- 
gree of freedom at the fixing position, whether 
• the interface membercan rotate at the fixing po- 
sition in a normal direction, and 
when the fixing position is designated as a po- 
sition at which the interface membercan rotate, 
said arithmetic means calculates a force that 
causes the interface member to rotate in the 
normal direction as a force applied to the fixing 
position by the interface member. 

12. The apparatus according to any one of claims 7 to 
11, characterized in that said arithmetic means 
calculates the flexural rigidity E of the target inter- 
face member by a predetermined bi-quadratic func- 
tion associated with the curvature p of the interface 
member on the basis of the input interface member 
diameter ty, and calculates a wiring shape of the in- 
terface member by using the calculated flexural ri- 
gidity E. 

13. The apparatus according to one of the preceding 
claims, characterized in that 

said arithmetic means calculates a wiring 
shape of an interface member on the basis of 
a plurality of input fixing positions, fixing direc- 
tions at the fixing positions, and a modulus of 
deformation of the interface member so as to 
satisfy the fixing positions, 
said arithmetic means includes designation 
means (22, 23) capable of designating whether 
the target interface membercan rotate in a nor- 
mal direction at least at one fixing position of 
the target interface member, and 
when at least one fixing position is designated 
by sakt designation means- as a position at 
which the interface member can rotate, said 
arithmetic means calculates a shape of the in- 
terface member, and calculates a force that 
causes the interface member to rotate in the 
normal direction at the designated fixing posi- 
tion. 

14. The apparatus according to claim 13, character- 
ized in that 

a fixing position that can be designated by said 
designation means as a position at which the 
interface membercan rotate or cannot rotate is 
an end portion position of the interface member, 
and position information input as the end por- 
tion position is a temporary fixing position which 
can be moved by said arithmetic means in cal- 
culating a shape of the interface member, and 
when position information common to a plural- 
ity of target interface members is designated by 
said designation means as the temporary fixing 



position at one end portion of the plurality of in- 
terface members, said arithmetic means calcu- 
lates an overall shape of a composite interface 
member constituted by the plurality of interface 

5 members including the common position infor- 

mation as a branch point and a dynamically bal- 
ancing position of the overall shape to which 
the branch point should be located by recalcu- 
lating the overall shape every time the common 

10 position information is moved by a predeter- 

mined amount. 

15. The apparatus according to one of the preceding 
claims characterized in that 

15 

said arithmetic means calculates an interface 
member wiring shape satisfying at least three 
fixing positions on the basis of the fixing posi- 
tions, fixing directions at the fixing positions, 

20 and a modulus of deformation of the interface 

member and informs the calculated shape, and 
when the target interface member includes a 
branch point, said arithmetic means calculates 
an interface member shape including the 

25 branch point, and a dynamically balancing po- 

sition at which the branch point is to be located 
owing to the shape. 

16. The apparatus according to claim 15, character- 
so jzed in that said arithmetic means calculates a 

breaking force produced at the branch point, and 
informs a calculation result. 

17. The apparatus according to any one of claims 13 to 
35 1 6, characterized in that said arithmetic means 

calculates the flexural rigidity E of the interface 
iiJurrrtJtM by a predotenrrarod bMymMfpaffe? fiwcffofY 

associated with the curvature p of the interface 
member on the basis of the input interface member 
40 diameter <J>, and calculates a wiring shape of the in- 
terface member by using the calculated flexural ri- 
gidity E. 

1 8. An interface member wiring design support method 
45 of calculating an interface member wiring shape on 

the basis of a plurality of fixing positions and a mod- 
ulus of deformation of an interface member so as 
to satisfy the fixing positions, characterized by com- 
prising 

50 a step of calculating flexural rigidity E of a target in- 
terface member by a predetermined bi-quadratic 
function associated with a curvature p of the inter- 
face member on the basis of an input interface 
member diameter <J>, and calculating a wiring shape 

55 of the interface member by using the calculated 

flexural rigidity E. 

19. The method according to claim 18, characterized 
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20 



21 



in that the predetermined bi-quadratic function is 
flexural rigidity E: 

E = f (<f>, p) = G(a 0 (<}>) + 3l (<f>) p + a 2 (<j>) p 2 ) x K 5 

where a 0 (<))), a! (4>), and a 2 ($) are predetermined 
constants corresponding to the interface member 
diameter (j), G is a gravitational acceleration, and K 
is a constant determined in accordance with a type to 
of protective member. 

The method according to claim 18 or 19, charac- 
terized in that the predetermined bi-quadratic func- 
tion is set such that the calculated flexural rigidity E is 
decreases as the curvature p increases. 

The method according to claim 18 : 19 or 20, char- 
acterized in that said step of calculating includes: 

20 

a step of specifying in advance, as moduli of a 
plurality of types of interface members which 
can be selected as design targets, a relation- 
ship between diameters <J> of the interface mem- 
bers, torsional rigidities C of the interface mem- 25 
bers, and weights of the interface members per 
unit length; and 

a step of calculating a wiring shape of the target 
interface member on the basis of the flexural 
rigidity E calculated by the predetermined bi- 30 
quadratic function and the torsional rigidity C 
and weight per unit length supplied from the 
storage step in accordance with the diameter <J> 
of the target interface member. 



terized in that, in said step of informing, if the force 
exceeds a predetermined value set in advance as 
a design strength at the fixing position when inform- 
ing the information associated with the force, a cor- 
responding warning is informed. 

25. The method according to claim 22, 23 or 24, char- 
acterized in that said step of calculating includes: 

a step of designating , as input item for the plu- 
rality of fixing positions with respect to the tar- 
get interface member, whether the interface 
member can rotate or cannot rotate in a normal 
direction at the fixing position; and 
a step of calculating, when the fixing position is 
designated as a position at which the interface 
member can rotate, a force that causes the in- 
terface member to rotate in the normal direction 
as a force applied to the fixing position by the 
interface member. 

26. The method according to any one of claims 22 to 
25, characterized in that the flexural rigidity E of 
the target interface member is calculated by a pre- 
determined bi-quadratic function associated with 
the curvature p of the interface member on the basis 
of the input interface member diameter <J>, and 
the wiring shape of the target interface member is 
calculated by using the calculated flexural rigidity E. 

27. 



22. The method according to one of the preceding 
cteums 1 8 to 21 , characterize* rrrffta£- 

said method is a method forcalculating a wiring 
shape of an interface member on the basis of 
a plurality of fixing positions and a modulus of 
deformation of the interface member so as to 
satisfy the fixing positions, and 
said step of calculating includes: 

a step of calculating, when calculating a 
wiring shape of a target interface member, 
forces acting at the plurality of fixing posi- 
tions due to the interface member; and 
a step of informing information associated 
with the calculated forces. 



35 



40 



45 



50 



23. 



The method according to claim 22, characterized 
in that, in said step of informing, a magnitude and 
direction of the force as the information associated 
with the force are informed. 



24. The method according to claim 22 or 23, charac- 



55 



The method according to one of the preceding 
claims 1 8 to 26, characterized in that 
said method is a method forcalculating and inform- 
ing a wiring shape of an interface member on the 
basis of a plurality of input fixing positions, fixing di- 
rections at the fixing positions, and a modulus of de- 
formation of the tnterfac&mewber so as to satisfy 
the fixing positions, and 
said method includes: 

a designation step of designating whether the 
target interface member can rotate in a normal 
direction at least at one fixing position of the tar- 
get interface member; and 
a calculating step of, when at least one fixing 
position is designated in the designation step 
as a position at which the interface member can 
rotate, calculating a shape of the interface 
member, and calculating a force that causes 
the interface member to rotate in the normal di- 
rection at the designated fixing position. 

28. The method according to claim 27, characterized 
in that 

a fixing position that is designated in said des- 
ignation step as a position at which the inter- 
face member can rotate or cannot rotate is an 
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end portion position of the interface member, 18 to 30. 

and position information input as the end por- 
tion position is a temporary fixing position which 
can be moved in said arithmetic step in calcu- 
lating a shape of the interface member, and 5 
when position information common to a plural- 
ity of target interface members is designated in 
said designation step as the temporary fixing 
position at one end portion of the plurality of tar- 
get interlace members, an overall shape of a 10 
composite interface member constituted by the 
plurality of interface members including the 
common position information as a branch point 
and a dynamically balancing position of the 
overall shape to which the branch point should 15 
be located are calculated, in said arithmetic 
step, by recalculating the overall shape every 
time the common position information is moved 
by a predetermined amount. 



20 



29. The method according to one of the preceding 
claims 18 to 28, characterized in that 



said method is a method for calculating an in- 
terface member wiring shape satisfying at least 25 
three fixing positions on the basis of the fixing 
positions, fixing directions at the fixing posi- 
tions, and a modulus of deformation of the in- 
terface member, and informing the calculated 
shape, and 30 
said step of calculating includes an arithmetic 
step of, when the target interface member in- 
cludes a branch point, calculating an interface 
member shape including the branch point, and 
a dynamically balancing position at which the 35 
branch point is to be located owing,, to, the. 

30. The method according to any one of claims 27 to 

29, characterized in that in said arithmetic step, 40 
the flexural rigidity E of the interface member is cal- 
culated by a predetermined bi-quadratic function 
associated with the curvature p of the interface 
member on the basis of the input interface member 
diameter <t>, and a wiring shape of the interface <*5 
member is calculated by using the calculated flex- 
ural rigidity E. 

31. A computer-readable storage medium character- 
ized by storing a program code which causes a so 
computer to operate as said interface member wir- 
ing design support apparatus defined in any one of 
claims 1 to 17. 

32. A computer-readable storage medium character- 55 
ized by storing a program code which causes a 
computer to implement the interface member wiring 
design support method defined in any one of claims 
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